Microregional distributions of glucose, lactate, ATP and tissue pH in experimental tumours upon local hyperthermia and/or hyperglycaemia.
Microregional distributions of glucose, lactate and ATP concentrations as well as tissue pH values were determined in subcutaneous rat tumours during normothermia and normoglycaemia, and upon local hyperthermia (HT) and/or hyperglycaemia (HG). Experiments were performed in order to investigate whether, and to what extent, these adjuvant therapeutic measures applied alone or in combination can modify the bioenergetic and metabolic status, parameters that are known to markedly influence the therapeutic response of tumours to heat. Local HT was performed in a saline bath (44 degrees C/2 h) and HG was induced by i.v. infusion of glucose for 2.5 h (blood glucose levels during heating: 35-40 mM). Immediately after treatment, the microregional distributions of glucose, lactate and ATP concentrations were assessed using quantitative bioluminescence and single-photon counting. In corresponding histological sections the fraction of tumour tissue with changes indicating cellular damage was determined. For comparison, global levels of glucose, lactate, ATP, ADP and AMP were measured using enzymatic assays or HPLC. Tumour tissue pH values were recorded immediately after treatment with miniaturised needle glass pH electrodes. Upon HT alone, the microregional glucose distribution remained unchanged. Lactate concentrations significantly increased, resulting in a pH drop of about 0.20 pH units. Mean ATP concentrations decreased without an obvious change in the shape of the distribution curve. The fraction of tumour tissue showing cellular damage increased from 18% (in control tumours) to 27%. Upon HG alone, mean glucose and lactate levels in the tumours increased. Glucose, lactate and pH distributions became broader. Lactate accumulation results in a severe tumour acidosis (mean pH = 6.22). Mean ATP concentrations marginally decreased despite a higher glucose availability, probably because of poorer ATP yield resulting from changes in metabolic channelling (Crabtree effect). The fraction of tumour tissue exhibiting cellular damage was 23%. Following the combined treatment (HT/HG), glucose and lactate levels, and tissue pH were similar to those seen upon HG alone. However, ATP concentrations were lowest under this condition. The variation of tumour ATP concentrations is substantially reduced with only a few tumour areas remaining with ATP levels of at least 0.6 mumol/g. The ATP depletion upon HT/HG is accompanied by a drastic increase in the fraction of tissue areas exhibiting cellular damage to 61%. It may therefore be concluded that only the combined treatment can deplete ATP to such an extent that a pronounced cytotoxic effect is achieved.